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Description 

Background of the Invention 

This invention relates to co-ordinate measuring 
for inspecting the dimensions of workpieces. 

It is common practice, after workpieces have 
been produced, to inspect them on a co-ordinate 
measuring machine (CMM) having a quill which can 
be driven in three orthogonal directions, X.Y.Z, within 
a working volume of the machine. The quill may carry 
a touch trigger probe of the type described in US 
Patent No 4,153,998 (McMurtry) which produces a 
trigger signal when its stylus touches a surface of the 
workpiece being inspected. This trigger signal is used 
to freeze the readings of scales or resolvers which 
indicate the X.Y and 2 positions of the quill of the 
CMM, to indicate the X,Y and 2 co-ordinates of the 
position of contact Commonly, the CMM includes a 
computer programmed to take a series of readings of 
co-ordinate data at various locations on the work- 
piece, in order to perform a complete inspection of 
desired dimensions of the workpiece. A determination 
can then be made as to whether the workpiece is of 
acceptable quality, or whether it should be rejected. 

The probes used in such applications are capable 
of great repeatability. However, it is known that they 
suffer from pre-travel. This is an inaccuracy caused by 
the slight delay between the instant of stylus contact 
with the workpiece and the generation of the trigger 
signal. It is exacerbated by the unavoidable delay in 
the response time before occurrence of the trigger sig- 
nal causes freezing of the scale outputs and the taking 
of a reading. However, since the probe operates in a 
repeatable manner, this inaccuracy will generally be 
be constant for a given direction and speed of 
approach of the probe to the workpiece. 

Another cause of inaccuracy lies in the CMM 
itself. As the probe-carrying quill is accelerated and 
decelerated in the three dimensions, the structure of 
the machine is subject to deflection under dynamic 
loadings. The amount of such deflection depends on 
the instantaneous direction and speed of probe move- 
ment, and on the instantaneous X,Y,2 position in the 
working volume of the machine. 

The solution to these problems which has been 
adopted to date involves causing the probe to travel 
very slowly as it contacts the workpiece surface. This 
reduces inaccuracies caused by the dynamic deflec- 
tions and the pre-travel of the probe. Prior to taking 
any measurements, it is also usual to include a calib- 
ration or "datuming" cycle, in which the probe is cali- 
brated by touching surfaces of a reference object at 
the slow speed. This enables the calculation of offsets 
which are stored and used to correct subsequent 
measurement readings for such factors as the diame- 
ter of the probe stylus. If the reference object is 
touched in each direction of probing movement, such 



a datuming cycle can also correct for the probe pre- 
travel in each such direction, but not for the dynamic 
deflections which vary from place to place within the 
working volume. 
5 However, the process of inspecting a workpiece 

would take a very long time if the probe always moved 
at such a slow speed. Accordingly, a technique which 
has been used involves moving the probe at a high 
speed until it contacts the workpiece surface. This 

10 gives an appproximate indication of the location of the 
workpiece surface. The probe is then reversed out of 
contact, then moved back into contact at a slow speed 
to obtain an accurate reading of its position. Such a 
technique enables a workpiece to be inspected faster 

15 than if the probe were always moved at a slow speed, 
though obviously the double touching at each inspec- 
tion location (once at a high speed and once at a low 
speed) does take up time. 

US Patent No. 4,333,238 (McMurtry) shows an 

20 alternative solution, in which the dynamic deflections 
are determined by sensing the accelerations of the 
structure of the CMM. However, this requires that an 
accelerometer should be specially provided and cali- 
brated to sense the accelerations. 

25 In place of the trigger probes discussed above it 

is also known to scan the contour of a workpiece sur- 
face with a measurement probe (Le. one which con- 
tinually determines the position of the surface relative 
to the body of the probe). An example is seen in US 

30 Patent No. 4,158,919 (McMurtry). The analogue or 
digital output of such a probe is added to the X,Y,2 
outputs of the CMM's scales or resolvers to give the 
position of the surface. Of course, if the structure of 
the CMM is subject to dynamic deflections, these def- 

35 lections will cause inaccuracies, just as they do with 
touch trigger probes. This is increasingly a problem as 
equipment capable of higher and higher scanning 
speeds is developed. 

40 Summary of the Invention 

The present invention, at least in a preferred 
embodiment, seeks to provide a fast, accurate inspec- 
tion method in the case where a series of identical 
45 workpieces are to be inspected in succession. This is 
of course quite a common situation in normal produc- 
tion practice. 

The present invention provides a method of 
inspecting a series of workpieces, in which a work- 
so piece-sensing probe is moved into a position-sensing 
relationship at each of a plurality of points on each 
workpiece and a position reading taken at each point, 
the method comprising the following steps (in any 
suitable order): 
55 (a) moving the probe into the position-sensing 

relationships at each of said points on one said 
workpiece at a relatively slow speed, and taking 
a position reading at each point, 
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(b) moving the probe into said position-sensing 
relationships at each of said points on said one 
workpiece at a relatively fast speed, and taking a 
position reading at each point, 

(c) recording a difference value for each point, s 
representing the difference between the two 
readings of steps (a) and (b), 

(d) moving the probe into said position-sensing 
relatioships at points corresponding to each of 
said points on another said workpiece at the fast 10 
speed, and taking a position reading at each 
point, and 

(e) using said recorded difference values to com- 
pensate the readings taken in step (d). 

It will be appreciated that the slow reading need 15 
not necessarily be taken on the first workpiece of the 
batch, provided readings taken on earlier workpieces 
at the fast speed can be recorded and subsequently 
compensated. 

The above defined method is applicable not only 20 
to trigger probes, where the probe is moved into the 
position-sensing relationship from a remote position, 
but also to measurement or scanning probes where 
the probe is continually being moved through a suc- 
cession of position-sensing relationships, with read- 25 
ings being taken at each, in a scanning process. The 
same scanning process is repeated (at the approp- 
riate scanning speed) in order to perform steps (a), (b) 
and (d) of the method. 

The method according to the invention (at least in 30 
its preferred form) takes advantage of the fact that not 
only any pre-travel of the probe, but also the dynamic 
deflections, will tend to be repeatable for a given posi- 
tion with the working volume and a given direction and 
speed of probe movement. With a series of substan- 35 
tially identical workpieces, the errors which they 
cause will be substantially identical. 

Brief Description of the Drawings 

40 

An example of a workpiece inspection method 
according to the present invention will now be des- 
cribed with reference to the accompanying drawings, 
wherein: 

Fig 1 is a schematic diagram of a co-ordinate 45 
measuring machine (CMM), and 
Fig 2 is a flow chart of the method. 

Description of Preferred Embodiments 

so 

The CMM shown in Fig 1 comprises a table 10 
upon which may be placed a workpiece 12. Preferably 
this is done by automatic means (not shown) which 
places each of a succession of substantially identical 
workpieces 1 2 from a production run in the same posi- 55 
tion and orientation on table 10. The CMM also com- 
prises a touch trigger probe 14 of the type described 
in US Patent No.4, 153,998 (McMurtry). However, it is 



to be understood that other probes (including non- 
contact probes) may also be used. The probe 14 is 
mounted in a quill (not shown) of the machine for 
movement in X,Y and Z directions under the action of 
X,Y and Z drives 1 6, controlled by a computer 1 8. X, Y 
and Z scales 20 (which include counters for the out- 
puts of the scales) show the instantaneous co-ordi- 
nates of the position of the quill in which the probe 14 
is mounted in three dimensions. When the probe 14 
sends a trigger sig nal on a I ine 22 ind icating that it has 
contacted the surface of the workpiece 12 , the coun- 
ters of the scales 20 are frozen and the computer 18 
takes a reading of the X,Y,Z co-ordinates of the work- 
piece surface. 

As thus far described, the machine is conven- 
tional. The computer 18 contains a programme which 
causes the probe 14 to contact the surface of the 
workpiece 12 at a plurality of different points, suffi- 
cient to take all the required dimensions of the work- 
piece for the inspection operation required. This is 
illustrated at 14A, 14B. 

It is known that if the probe 14 approaches the 
workpiece 12 at a relatively fast speed, as illustrated 
graphically at A in Fig 1, then the pre-travel of the 
probe and the dynamic deflections of the machine 
structure result in an inaccurate reading. Accordingly, 
the method utilised in the past is as illustrated at B in 
Fig 1 . Here, the probe first approaches the workpiece 
surface 12 at a fast speed, as illustrated by line 24, 
until the surface is detected. Then, the probe 14 is 
reversed out of contact with the workpiece (line 26), 
and finally it is advanced into contact with the work- 
piece (line 28) at a slower speed, so that a more accu- 
rate reading can be taken. Since this needs to be 
repeated for each contact point on each workpiece of 
the production run which is to be inspected, this is a 
time consuming operation. 

Accordingly, referring to Fig 2 , the following pro- 
cedure is used in the present inspection method. 

Prior to any measurements, the probe 14 is cali- 
brated or "datumed" for each intended direction of 
probing movement, by touching at the slower speed 
against a reference object such as a datum ball, in the 
conventional manner. This provides a set of correc- 
tion offsets, as is well known, and these are stored in 
the computer 18 for future use. 

At the start of the production run, the first work- 
piece 12 to be measured on the CMM is set up on the 
table 10 (step 30), and as mentioned previously this 
is preferably done by an automatic handling mechan- 
ism. 

Next, in step 32, all the required points on this first 
workpiece are measured in the conventional manner, 
using the double touching method illustrated at B in 
Fig 1. These readings are all corrected in the conven- 
tional manner by the computer 18, using the approp- 
riate stored correction offset. The corrected readings 
are stored. All these readings on the first workpiece 
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are then repeated at a fast speed, namely the method 
shown at A in Fig 1 (step 34). If desired, these two 
steps can be performed at the same time, since the 
fast reading at each point on the workpiece surface 
can be taken at the time indicated by line 24 at B in 5 
Fig 1, followed by the slow reading being taken as 
indicated at 28 in Fig 1 . The fast readings, of course, 
are not corrected using the stored offsets. Rather, 
when both readings have been taken for each point on 
this first workpiece, the differences between the two 10 
values for each point are calculated and stored (step 
36). The result is that there is now stored an error 
value for each measured point, which not only takes 
account of the stylus radius and probe p re-travel at 
the slower speed (as provided by the conventional 15 
datuming) but also takes account of the different pre- 
travel at the faster speed and the dynamic deflections 
of the machine structure at the faster speed. These 
error values effectively form a map (over the probe 
path) of the systematic errors encountered during a 20 
probing cycle at the faster speed. 

Next, at step 38, the first workpiece of the produc- 
tion run is removed and the next workpiece is set up 
in its place, again preferably using the automatic 
handling mechanism. On this workpiece, readings are 25 
taken only at the fast speed, using the method illus- 
trated at A in Fig 1 , (step 40). The same fast speed is 
used as in step 34. It will be appreciated that these 
fast readings will be inaccurate for the reasons dis- 
cussed above. However, the readings can be expec- 30 
ted to be repeatable even though they are inaccurate. 
This is particularly the case where the probe is always 
approaching a given point on the workpiece surface 
from the same direction at the same speed, and espe- 
cially if the workpiece is located at the same position 35 
on the machine. Accordingly, in step 42, the computer 
1 8 adjusts each of the fast readings taken at step 40 
by adding in the corresponding difference value (error 
value) stored at step 36. This compensates for the 
errors induced by the fast reading. The computer 18 40 
can then signal whether or not the workpiece is 
acceptable (i.e. within a predetermined tolerance) and 
if desired can print out the results of the measure- 
ments. 

The procedure of steps 38, 40 and 42 is then 45 
repeated for each workpiece in the production run 
which is to be inspected. 

It will be appreciated that the various steps of the 
method could be taken in various different orders. Not 
only can steps 32 and 34 be combined as mentioned 50 
above, but it is not really necessary for the slow read- 
ings of step 32 to be taken on the first workpiece of 
the run. Provided the various fast readings taken in 
step 40 are stored for subsequent compensation, the 
slow readings can be taken at any time, and the com- 55 
pensation step 42 made subsequently . Indeed, the 
difference values provided by step 36 could have 
been stored in the computer from a different produc- 



tion run on identical workpieces 12, perhaps perfor- 
med on a different day. 

The advantage of the method described is that 
readings on the majority of the workpieces of the pro- 
duction run are taken at the fast speed, and so there 
is an overall saving of time. 

The method has been described in respect of a 
co-ordinate measuring machine. However, the 
method is equally applicable if the probe is mounted 
in a different type of inspection machine, such as an 
inspection robot. Trigger probes are also well known 
for use on computer numerically controlled machine 
tools. In such use, the probe is used during part of the 
machining cycle which is stored as a part programme 
in the numerical control. It is perfectly possible to use 
the method of Fig 2 in such a part programme. The 
steps of setting up the various workpieces (steps 30 
and 38) then also include steps of cutting metal from 
the workpiece in accordance with the part pro- 
gramme. The same advantage accrues as on a co- 
ordinate measuring machine, namely the inspection 
part of the cycle using the probe 14 can be performed 
at a faster speed for the majority of the workpieces of 
a production run. 

The method described is applicable to measure- 
ment probes used for scanning, as well as to trigger 
probes. As scanning takes place, these also are sub- 
ject to errors caused by dynamic deflections. To apply 
the method to a scanning operation, a workpiece is 
first scanned at a slow speed, not appreciably subject 
to such errors. The scan is then repeated at a fast 
speed, and an error value calculated for each 
measured point on the workpiece, by subtracting the 
two corresponding readings, as before. A map is thus 
built up of the dynamic errors introduced by scanning 
at the fast speed. The error values thus obtained are 
used to correct measurements taken while scanning 
subsequent substantially identical workpieces at the 
fast speed. 



Claims 

1 . A method of inspecting a series of workpieces 
(12), in which a workpiece-sensing probe (14) is 
moved into a position-sensing relationship at each of 
a plurality of points on each workpiece and a position 
reading taken at each point, the method comprising 
the following steps in any suitable order: 

(a) moving the probe (14) into the position-sens- 
ing relationships at each of said points on one 
said workpiece (12) at a relatively slow speed, 
and taking a position reading (32) at each point, 

(b) moving the probe (14) into said position-sens- 
ing relationships at each of said points on said 
one workpiece (12) at a relatively fast speed, and 
taking a position reading (34) at each point, 

(c) recording a difference value (36) for each 
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point, representing the difference between the 
two readings of steps (a) and (b), 

(d) moving the probe (14) into said position-sens- 
ing relationships at points corresponding to each 
of said points on another said workpiece (12) at 
the fast speed, and taking a position reading (40) 
at each point, and 

(e) using said recorded difference values to com- 
pensate (42) the readings taken in step (d). 

2. A method according to claim 1, wherein steps 
(d) and (e) are repeated on a succession of substan- 
tially identical workpieces (12). 

3. A method according to claim 1 or claim 2, in 
which the probe (14) is a trigger probe. 

4. A method according to claim 3, in which the 
probe (14) is calibrated or datumed at the relatively 
slow speed, giving an offset which is used to correct 
the readings in step (a). 

5. A method according to claim 1 or claim 2, in 
which the probe (14) is a measurement probe, and 
each of steps (a), (b) and (d) is performed as part of 
a scanning process. 



Patentanspruche 

1. Verfahren zum Inspizieren einer Reihe von 
Werkstucken (12), bei welchem eine Werkstuck- 
Erfassungssonde (14) in eine Positions- und Erfas- 
sungsbeziehung an jeder einer Vielzahl von Stellen 
bei jedem Werkstiick bewegt und eine Positionsable- 
sung an jeder Stelle vorgenommen wird, welches Ver- 
fahren die folgenden Schritte in jeder geeigneten 
Reihenfolge umfa&t 

(a) die Sonde (14) wird mit einer relativ niedrigen 
Geschwindigkeit in die Positionserfassungs- 
Beziehung an jeder Stelle an dem einen genann- 
ten Werkstiick (12) bewegt und an jeder Stelle 
eine Positionsablesung (32) vorgenommen, 

(b) die Sonde (14) wird mit einer relativ hohen 
Geschwindigkeit in die Positionserfassungs- 
Beziehungen an jeder Stelle an dem einen Werk- 
stuck (1 2) bewegt und eine Positionsablesung an 
jeder Stelle vorgenommen, 

(c) fur jede Stelle wirdein Differenzwert (36) auf- 
gezeichnet, der die Differenz zwischen den bei- 
den Ablesungen der Schritte (a) und (b) darstellt, 

(d) die Sonde (14) wird mit der hohen Geschwin- 
digkeit in die Positionserfassungs-Stellungen an 
Stellen bewegt, welche jeder Stelle an einem 
anderen solchen Werkstuck (12) entsprechen, 
und an jeder Stelle wird eine Positionsablesung 
(40) vorgenommen, und 

(e) die aufgezeichneten DHTerenzwerte werden 
zum Ausgleich (42) der in Schritt (d) genomme- 
nen Ablesungen benutzt 

2. Verfahren nach Anspruch 1, bei dem die 
Schritte (d) und (e) an einer Reihe von im wesent- 



lichen identischen Werkstucken (12) wiederholt wer- 
den. 

3. Verfahren nach Anspruch 1 Oder 2, bei dem die 
Sonde (14) eine Triggersonde ist 

5 4. Verfahren nach Anspruch 3, bei dem die Sonde 

(14) bei der relativ niedrigen Geschwindigkeit geeicht 
Oder auf einen Grundwert bezogen wird, wodurch sich 
ein Versatzwert ergibt, der zur Korrektur der Ablesun- 
gen in Schritt (a) benutzt wird. 

10 5. Verfahren nach Anspruch 1 Oder 2, bei dem die 

Sonde (14) eine Me&sonde ist und jeder der Schritte 
(a), (b) und (d) als Teil eines Vermessungsvorganges 
ausgefuhrt wird. 
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Revendications 



1. Proc6d6 de contrdle d'une s6rie de pieces & 
usiner (12), selon lequel un palpeur de detection de 

20 pieces & usiner (1 4) est d6plac6 de mani&re & pouvoir 
detecterdes positions en chaque point d'une plurality 
de points sur chaque piece d usiner et une lecture de 
position est effectu&e d chaque point, et caracterise 
en ce qu'il comprend les stapes suivantes, dans tout 

25 ordre appropri6: 

(a) d6placement du palpeur (14) de mani&re d ce 
qu'il puisse detecter des positions en chacun des- 
dits points sur une dite piece d usiner (12) d une 
vitesse relativement faible, et realisation d'une 

30 lecture de position (32) d chaque point, 

(b) d6placement du palpeur (14) de mani&re d ce 
qu'il puisse detecter lesdites positions en chacun 
desdits points sur une dite piece d usiner (12) & 
une vitesse relativement 6lev6e, et realisation 

35 d'une lecture de position (34) d chaque point, 

(c) enregistrement d'une valeur de difference (36) 
pour chaque point, representant la difference 
entre les deux lectures des etapes (a) et (b), 

(d) d6placement du palpeur (14) de manfere d ce 
40 qu'il puisse detecter desdites positions en des 

points correspondant d chacun desdits points sur 
une autre dite piece d usiner (12) d la vitesse eie- 
v6e, et realisation d'une lecture de position (40) 
d chaque point, et 
45 (e) utilisation desdites valeurs de difference enre- 

gistrees pour compenser (42) les lectures r6ali- 
sees dans retape (d). 

2. Precede selon la revendication 1, caracterise 
en ce que les etapes (d) et (e) sont r6p6tees sur une 

so succession de pieces d usiner sensiblement identt- 
ques (12). 

3. Proced£ selon la revendication 1 ou la revendi- 
cation 2, caracterise en ce que le palpeur (14) est un 
palpeur d declenchement 

55 4. Precede selon la revendication 3, selon lequel 

le palpeur (14) est etalonne ou compare & des valeurs 
de reference d la vitesse relativement faible, ce qui 
dpnne une valeur de d6calage que Ton utilise pour 
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coniger les lectures realis6es dans Tetape (a). 

5. Precede selon ia revendication 1 ou la reven- 
dication 2, caracterise en ce que le palpeur (14) est 
un palpeur de mesure, et en ce que chacune des Sta- 
pes (a), (b) et (d) est realisee dans le cadre d'un pro- 
cessus de balayage. 
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